A chemo-enzymatic synthesis of (−)-epipentenomycin I is reported using a lipase-catalysed kinetic resolution of the racemic pentacyclic alcohol 8. Flash vacuum pyroloysis of (−)-8 so obtained gave (−)-(4R)-4-hydroxy-5-methylene-2-cyclopentenone. Epoxidation of this compound with dimethyldioxirane followed by hydrolytic ring-opening of the resulting epoxide gave (−)-epipentenomycin I. Page-1 
The pentenomycin group of natural products (compounds 1-4) have antibacterial activities against both Gram-positive and Gram-negative bacteria. Pentenomycins I (1) and II (2) were first isolated from Streptomyces eurythermus in 1973 1 while pentenomycin III (3) was isolated three years later from Streptoverticillium eurocidicum. 2 Epipentenomycin I (4), however, was isolated in 1989 3a from carpophores of Perziza sp., much later than its first synthesis in racemic form in 1980. 4, 5 This compound was shown to have the (4S, 5R) absolute configuration by X-ray crystallographic analysis of its 2-bromo-O-triacetate derivative. 3b Thus establishing that pentenomycin I (1) and epipentenomycin I (4) are epimeric at C-5. Their biological activities and their highly oxygenated structures have attracted several synthetic studies on their total synthesis, 6 the synthesis of their racemates 4, 5, 7 and their analogues 8 (e.g. epipentenomycin II (5) and III (6)).
We recently reported a diastereoselective synthesis of ()-epipentenomycin I (4) and III (6) from the diastereoselective epoxidation of 4-hydroxy-and 4-acetoxy-5-methylene-2-cyclopentenone, respectively, with dimethyldioxirane followed by hydrolytic ring-opening of the resulting epoxide. 7c We now report a chemo-enzymatic synthesis of (-)-(4R, 5S)-epipentenomycin I via (-)-(4R)-4-hydroxy-5-methylene-2-cyclopentenone.
The known racemic epoxide, rac- 7 9 (a 1.6 : 1 mixture of diastereomers), was converted to a mixture the known racemic alcohols rac-8 and rac-10 (Scheme 1).
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These isomers could be obtained pure after separated by column chromatography and recrystallization. The relative stereochemistry of these compounds was determined by NOESY experiments and single crystal X-ray analysis on their corresponding acetates rac-9 and rac-11, respectively.
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NOESY studies on rac-9 showed crosspeaks between the allylic proton Ha and the benzylic methine Hb, while in rac-11, cross-peaks were observed between the allylic proton Hb and one methylene proton Ha (Scheme 1). Kinetic resolution of rac-8 was achieved using PS-D 'Amano' I lipase on celite and vinyl acetate (6 equiv) in acetonitile at 40 o C. After 101 h the reaction was terminated at 41% conversion.
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The reaction mixture was separated by column chromatography to provide acetate (-)-9 ([] D
24
-189 (c 2.03, CHCl 3 )), in 37% yield and in greater than 98% enantiomeric purity, and the alcohol (+)-8 in 53%
yield and 68% enantiomeric purity, as determined on its acetate (+)-9. The enantiomeric purities of (-)-9 and that of (+)-9 were determined by 1 H NMR using the chiral shift reagent, europium tris[3- In conclusion we have developed an efficient chemo-enzymatic synthesis of (-)-epipentenomycin I using a lipase catalysed kinetic resolution of the racemic pentacyclic alcohol rac-8. The chiral chemical intermediates described here should be valuable for the synthesis of other bioactive molecules and we are currently investigating their chemistry. The acetate signals of (+)-9 and ()-9 were at δ 1.877 and 1.872 respectively. 
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C NMR δ 34.3, 44. 5, 52.1, 56.7, 78.2, 123.0, 124.2, 124.7, 125.9, 126.0, 126.3, 126.5, 126.8, 134.2, 139.8, 141.6, 144.5, 144.6, 160.0, 208.3 25 (m, 1H), 4.35-4.37 (m, 1H) , 6.19 (dd, J = 6, 0.9 Hz, 1H), 7.06-7.43 (m, 9H).
C NMR δ 41.0, 44. 4, 47.7, 56.3, 81.0, 122.9, 123.8, 125.2, 125.5, 125.7, 125.8, 126.0, 126.2, 134.7, 140.3, 141.7, 143.9, 145.0, 159.0, 207.3 (m, 8H), 7.45 (dd, J = 6.0, 2.7 Hz, 1H).
C NMR δ 20.6, 34. 5, 44.5, 52.4, 55.3, 78.8, 123.1, 123.8, 125.2, 125.9, 126.3, 126.7, 126.8, 135.6, 139.6, 140.9, 144.3, 144.6, 156.6, 169.8, 207 mmol; 30 mg was used each time) was placed in 10 mL round-bottom flask connected to a gas phase pyrolysis apparatus and the system was subjected to high vacuum (< 0.1 mm Hg). The sample was carefully pyrolysed with heat gun and the vapour passed through the heating column at 450 ˚C. The crude product was purified by flash column chromatography on silica gel, elution with petroleum spirit gave ()-12 (113.9 mg, 76%) that was homogeneous from TLC and NMR analysis.
This compound was used immediately in the next step or could be stored for a few days in the freezer without noticeable polymerization. H NMR spectra of rac-and (-)-9 with the chiral shift reagent, NOESY spectra of 9 and 11, the ORTEP plots of 9, 11 and (-)-13 and data for the crystal structure of (-)-13. This material is 
